1. Introduction
===============

The chronic or recurrent gastrointestinal symptoms which cannot be explained through structural or biochemical abnormalities are referred to as functional gastrointestinal disorders (FGIDs). Such disorders are highly prevalent ([@b1-epj-09-4597]). GERD is a common FGID with a significant impact on the quality of life ([@b2-epj-09-4597]). Approximately 50% of infants younger than 3 months are affected by GERD ([@b3-epj-09-4597]). In this disorder, stomach acid or sporadic stomach content moves up from the stomach into the esophagus. It has been reported that permanent or temporary changes in the barrier between the stomach and the esophagus like abnormal movements of the lower esophageal sphincter and hiatal hernia are the major factors likely to lead to GERD. The burden of GERD is soaring in Asia and the majority of GERD patients are known to have non erosive reflux disease (NERD) ([@b4-epj-09-4597]). Proton pump inhibitors (PPI) and H2 receptor blockers or antacids are recognized as the first-line treatment of GERD. Preventing symptom relapse is a therapeutic goal in GERD patients ([@b5-epj-09-4597]). Therefore, PPI failure has turned into a major problem in the treatment procedure of GERD. Since there is a fair chance of GERD to be overlapped with other diseases, it is likely that the disease originates from the NERD phenotype leading to drug failure in GERD patients ([@b6-epj-09-4597]). As a result, we need to discover new approaches as to treat or prevent GERD. Several studies have focused on the treatment of GERD comorbidities and its associated symptoms such as FC in the face of treatment ([@b7-epj-09-4597], [@b8-epj-09-4597]). GERD and FC are the most common causes of referral to pediatricians within the first six months of life ([@b2-epj-09-4597]). Since a number of studies have indicated a significant relationship between GERD and FC, investigating the influence of these mechanisms on each other may lead us to a better understanding of the appropriate treatment for GERD. As such, the current systematic review aimed to answer the following questions:

1.  What are the most common comorbidities in GERD patients?

2.  What are the most frequent symptoms associated with GERD?

3.  Is there a relationship between the changes in bowel function and reflux?

4.  Is there a distinct relationship between GERD and FC?

5.  Could PPI therapy act as the appropriate treatment for GERD?

6.  What is the rate of symptom relapse in GERD after PPI treatment?

2. Material and Methods
=======================

2.1. Literature search strategy
-------------------------------

We reviewed the literature in order to find articles related to comorbidities and symptoms affecting GERD from 1980 to 2015 via PubMed and Google Scholar, using keywords such as 'Gastroesophageal reflux disease', 'Gastrointestinal symptoms' and Boolean operators (such as AND, OR, NOT), which are listed as follows: 1) Gastroesophageal reflux disease (GERD), 2) Gastric reflux disease, 3) Acid reflux disease 4) Functional gastrointestinal disorders (FGID), 5) Esophageal disease, 6) Functional constipation (FC), 7) Constipation, 8) Gastrointestinal symptoms, 9) Risk factors of gastroesophageal reflux disease, 10) Risk factors of gastrointestinal disease, 11) Gastrointestinal symptoms, 12) Esophageal disease, 13) Functional bowel disorders (FBD), GERD, 15) Gastrointestinal motility disorders, 16) Proton pump inhibitors (PPI), 17) Esophageal disease symptoms, 18) Gastroesophageal reflux disease symptoms, 19) GERD recurrence, 20) GERD relapse, and 21) H2 blocker.

2.2. Exclusion criteria
-----------------------

Expert opinions, consensus statements, case reports, editorials and letters, and qualitative studies were excluded from this review. The selected studies were published in English, but studies conducted in other languages were excluded.

2.3. Search strategy
--------------------

Since a variety of different factors were assessed in the selected studies, the comparison between them could not be done in a straight forward manner and all the articles were evaluated in terms of the inclusion criteria in the present study. In total, 751 items found and 50 articles, which mainly focused on the comorbidities and the symptoms affecting GERD, PPI therapy and the rate of symptom relapse, were included in the current review. Ultimately, the findings of the selected articles were summarized in different subsections.

All the repetitive and irrelevant studies were removed from this systematic review. Moreover, the remaining articles were investigated as to discover the comorbidities and symptoms affecting GERD, the treatment procedure and the rate of symptom relapse in the GERD patients who were treated by PPI. These articles were evaluated in their full text after the screening step was complete, and the references were carefully organized during the next steps. The quality assessment of articles was based on two standards, CONSORT for clinical trials and PRISMA for review articles. The screening procedures are illustrated in the PRISMA flow diagram ([Figure 1](#f1-epj-09-4597){ref-type="fig"}).

3. Results and discussion
=========================

3.1. The most common comorbidities in GERD patients
---------------------------------------------------

To the best of our knowledge, GERD is a prevalent type of FGID which exerts a negative effect on the quality of life. The study of Indrio et al. claimed that infantile colic, gastroesophageal reflux and constipation are the most common causes of referral to pediatricians within the first six months of life. It might result in the patient's hospitalization, use of medications as well as anxiety and waste of time on behalf of parents ([@b2-epj-09-4597]). Digestive disorders associated with GERD have been assessed in many studies. According to the study of Rasmussen et al., which aimed to investigate the prevalence and overlap of GERD, functional dyspepsia (FD) and irritable bowel syndrome (IBS) in a Western population, the prevalence of GERD was reported to be 11.2%. Furthermore, the overlap between two or three of these disorders (GERD, FD, and IBS) was as much as 6.5%. Also, 30.7% of the patients who showed one or more of the factors of GERD, FD and IBS disorders, were found to have an overlap between two or all these disorders. Their study proved an overlap to be probable as well as frequent between these disorders ([@b9-epj-09-4597]). The results of De Vries et al.'s study indicated that FD and IBS were more prevalent in GERD patients compared to the general population ([@b10-epj-09-4597]). For this reason, the recognition of the diseases and the associated symptoms plays a major role in the treatment, elimination and prevention of this disease. Similar to Rasmussen et al and De Vries et al., the study of Pimentel et al. was indicative of a higher prevalence of IBS in the subjects with GERD compared with those without GERD. Another study conducted on a Korean population revealed that the overlaps between GERD, dyspepsia and IBS are frequent in the general population occurring in anxious people. In total, compared with GERD, dyspepsia, and IBS alone, a significant difference was detected between anxiety and GERD, dyspepsia and IBS overlap ([@b11-epj-09-4597]). The overlap between GERD and IBS was mentioned a lot ([@b12-epj-09-4597]--[@b17-epj-09-4597]). GERD is known as a psychosomatic disease which involves complex biopsychosocial problems ([@b18-epj-09-4597]) which have a negative effect on the individuals' quality of life ([@b19-epj-09-4597]). According to the results of the aforementioned studies, IBS, among functional bowel disorders, is proven to be most significantly associated with GERD. Moreover, there seems to be an undeniable correlation between GERD and functional bowel disorders. Consequently, we attempted to reorganize the gastrointestinal and functional bowel disorder symptoms and their association with GERD ([@b20-epj-09-4597]--[@b21-epj-09-4597]). The most frequent comorbidities and the rate of overlap in GERD patients based on different studies are shown in [Table 1](#t1-epj-09-4597){ref-type="table"}.

3.2. The relationship between changes of bowel function, constipation and GERD
------------------------------------------------------------------------------

The findings of epidemiological studies in the adult population are suggestive of a significant overlap between the functional disorders of the digestive system. As such, two major and integral components of childhood functional gastrointestinal disorders are FC and GERD ([@b22-epj-09-4597]--[@b25-epj-09-4597]). Reorganization of GERD symptoms as well as the causes of its association with FC are paramount due to their remarkable impact on the patient's quality of life. For this reason, we also attempted to investigate the correlation between GERD and FC. Evidently, there is a relationship between GERD disorder and functional bowel diseases (FBD). Since FC is one of the most prominent symptoms of FBD, there might also be comorbidity between the GERD disorder and FC. This finding has been confirmed by several studies. In this regard, the study of Zeitoun et al. showed that 84% of the patients with Ehlers-Danlos syndrome (EDS) also suffered from FBD. Overall, a significant correlation was found between FBD and GERD ([@b23-epj-09-4597]--[@b24-epj-09-4597]). Jiang et al. aimed to assess the prevalence of common symptoms of gastrointestinal and GERD combined with functional bowel disorders (FBD). The frequency and severity of GERD symptoms were measured by a Chinese Reflux Disease Questionnaire (RDQ). Approximately 10% of the patients, who showed symptoms of GERD, were really diagnosed with this disease ([@b8-epj-09-4597]). Another study was performed by Baran et al. to evaluate the frequency of GERD in children with FC. According to the results of that study, delayed gastric emptying symptoms were more prevalent in the patients with FC. In addition, pyrosis, hiccups and belching were observed to be common in FC patients with and without acid reflux ([@b22-epj-09-4597]).

3.3. Treatment of GERD symptoms with proton pump inhibitors (PPI)
-----------------------------------------------------------------

Proton pump inhibitors (PPI) and H2 receptor blockers or antacids are the first-line treatment of GERD. In patients with certain conditions or the ones who do not show signs of improvement, surgery might be optional to treatment. Normally, it occurs in 10--20% of the population in Western countries. Due to the fact that there is evidence of overlap in GERD, IBS and FD patients, and also because of the lack of major pharmacological breakthrough in the treatment of this overlap, the study of Monnikes et al. was performed in order to evaluate the stability of GERD healing process and determine whether the effects of PPI treatment on the GERD would also apply to symptoms of IBS and FD. According to their findings, pantoprazole decreased the prevalence of GERD combined with FD, IBS or reflux symptoms. After discontinuing the medication, the rates of FD and IBS were stabilized at a relatively low level. However, reflux symptoms increased again after the cessation of the medication ([@b26-epj-09-4597]). Another study which was performed in Pakistan in order to evaluate the rate of PPI use in GERD patients with typical symptoms, showed that the omeprazole was the medication of choice ([@b16-epj-09-4597]). The study of Yamaji et al. was conducted in order to determine whether the symptoms of GERD would improve by the prokinetic activity of mosapride combined with PPI. According to their results, no additional improvements of reflux symptoms were observed in the patients who used mosapride combined with PPI compared to those who only received PPI ([@b27-epj-09-4597]). In the study of Remes-Troche et al, the severity of GERD symptoms decreased by at least 80% from the baseline after the treatment with pantoprazole magnesium ([@b28-epj-09-4597]). The study of Moraes-Filho et al. was designed to compare the efficacy of pantoprazole and esomeprazole in GERD patients. According to the results of that study, no significant differences were found in the improvement of GERD patients in four weeks. At week 8, GERD symptom had shown a more noticeable improvement in the patients who used pantoprazole (91.6%) compared to the patients who had used esomeprazole (86.0%) (p=0.0370) ([@b29-epj-09-4597]). Another study which was performed to evaluate the safety and efficacy of esomeprazole combined with flupentixol/melitracen for the treatment of GERD patients with emotional disorders, proved the combination therapy to be more effective and safer in the treatment of patients who had gastroesophageal reflux ([@b30-epj-09-4597]). The study of Chiu et al. aimed to investigate the efficacy and safety of sodium alginate suspension compared to omeprazole NERD patients. According to their study, sodium alginate was as effective as omeprazole for symptomatic relief in patients with non-erosive reflux disease ([@b4-epj-09-4597]). Similar to the study of Chiu et al. ([@b4-epj-09-4597]), omeprazole 20 mg was used for the treatment of reflux symptoms in the study of Abbasinazari et al. Omeprazole plus SR (Sustained Release) baclofen was administered versus omeprazole 20 mg/d plus placebo. The results of the study revealed that SR baclofen plus omeprazole is more effective than omeprazole alone in the treatment of reflux symptoms (heartburn and regurgitation) ([@b31-epj-09-4597]). Another study which was conducted to compare the effects of single-dose morning versus nighttime once-daily omeprazole/sodium bicarbonate (Zegerid (®) (IR-OME) in patients with esophagitis and symptoms of gastroesophageal reflux, showed that the reflux esophagitis and GERD symptoms improved after taking IR-OME ([@b32-epj-09-4597]--[@b33-epj-09-4597]). According to the study of Kim et al., poor response to PPI treatment is a result of psychological factors, sleep dysfunction and BMI lower 23kg/m in patients with GERD symptoms ([@b34-epj-09-4597]). The study of De Milliano et al. aimed to determine the effects of a mixture of probiotics in the treatment of constipation during pregnancy ([@b35-epj-09-4597]). According to the study of Perry et al., in western societies, 10% of the population is affected by GERD ([@b36-epj-09-4597]). The disease is known to have cost the United States healthcare system over 9 billion dollars per year ([@b37-epj-09-4597]). Drug failure is experienced by 30--40 % of the patients who receive PPI therapy. The recent findings are indicative of the fact that the risk of complications is increasing among these patients. Regarding the diverse number of patients who experience medically inappropriate treatments and the number of surgeries, there is a substantial therapeutic gap in the management of GERD ([@b36-epj-09-4597]). For this reason, we need to discover new approaches to treat or prevent GERD. Several studies have focused on diet therapy ([@b1-epj-09-4597], [@b38-epj-09-4597], [@b39-epj-09-4597]) while some others have emphasized on the treatment of GERD comorbidities such as IBS and the associated symptoms like FC ([@b7-epj-09-4597],[@b8-epj-09-4597]) for the treatment, elimination or prevention of GERD.

3.4. Relapse of GERD symptoms after PPI and H2 blocker therapy
--------------------------------------------------------------

As we know, GERD treatment is highly costly. In some studies, step-down from PPI is used in order to obtain a less expensive therapy. In the study of Inadomi et al., a total of 117 subjects received treatment from step-down to single-dose PPI. The majority of the patients did not report recurrent symptoms of reflux symptom during the 6 months and their quality of life did not alter significantly. However, the rate of dyspepsia was observed to increase ([@b40-epj-09-4597]--[@b43-epj-09-4597]).

In a study performed by Yoshida et al., it was suggested that rebamipide plus lansoprazole could be effective in preventing the symptom relapse of GERD in the long run, and it could also be used as a maintenance treatment for this disorder ([@b5-epj-09-4597]). According to another study, the recurrence rate was 25%, 30.8%, and 4.4% in the patients receiving treatment with omeprazole, lansoprazole, and rabeprazole, respectively ([@b44-epj-09-4597]). In the other study on the same subject, Omeprazole was more effective than cimetidine in preventing the recurrence of GERD-associated heartburn ([@b45-epj-09-4597]). The study of Usai et al. emphasized the role of a gluten-free diet (GFD) in diminishing GERD symptoms as well as in preventing the recurrence of these symptoms ([@b46-epj-09-4597]). The study of Miyake et al was performed to assess the effects of famotidine to prevent the recurrence of reflux esophagitis. According to their results, improvements were observed within seven days ([@b47-epj-09-4597]). The study of Caro et al. showed that PPIs were found to be effective in the recovery of erosive esophagitis and decreasing relapse rates compared to ranitidine and placebo ([@b48-epj-09-4597]). The rates of GERD symptom relapse after PPI orH2 blocker therapy are shown in [Table 2](#t2-epj-09-4597){ref-type="table"}.

4. Conclusions
==============

GERD has a negative impact on the individuals' quality of life. Moreover, an undeniable connection seems to exist between GERD and other GI disorders. Therefore, investigating the relationship between the treatment of GERD and its comorbidities and symptoms such as FC is of paramount importance. Due to the cost of PPI therapy and the high rate of GERD relapse after PPI therapy, demand for continuing this type of treatment is decreasing. Thus, we need to discover new approaches as to treat or prevent GERD bridging the therapeutic gap in the management of this disease.
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###### 

The most common comorbidities in GERD patients

  Ref. no.             Country       Comorbidities, Diseases and Disorders                                                                  Results and Rate of Overlap
  -------------------- ------------- ------------------------------------------------------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  [@b9-epj-09-4597]    Denmark       Functional dyspepsia (FD) and irritable bowel syndrome (IBS)                                           The overlap between GERD, FD, and IBS was 6.5%. 30.7% of the patients with one or more of the GERD, FD and IBS criteria had overlap between two or all three disorders.
  [@b16-epj-09-4597]   UK            Increased prevalence of GERD and IBS symptoms was associated with coeliac disease and IBD              Odds ratio of coeliac disease and IBD were 6.8% and 2.2% in GERD patients with severe symptoms.
  [@b20-epj-09-4597]   USA           IBS                                                                                                    71% of GERD patients had IBS and there was a higher prevalence of IBS in subjects with GERD compared with non-GERD subjects.
  [@b10-epj-09-4597]   Netherlands   FD, IBS and both FD and IBS                                                                            25%, 35%, and 5% of GERD patients had FD (14% in general population), IBS (0.6--6% in general population), and both FD and IBS, respectively.
  [@b11-epj-09-4597]   Korea         GERD, dyspepsia and IBS                                                                                Overlaps between GERD, dyspepsia and IBS were observed in 2.3% and 2%. Overlaps between dyspepsia and IBS were observed in 2% and 1.3% of the population.
  [@b12-epj-09-4597]   Iran          IBS, GERD and dyspepsia                                                                                74.7% and 77.9% of IBS patients simultaneously suffered from GERD and dyspepsia symptoms. Also 66% of GERD patients had dyspepsia.
  [@b17-epj-09-4597]   Italy         IBS and Functional heartburn (FH)                                                                      Possible concomitance of GERD or FH with IBS and the pathophysiological relationships between these disorders.
  [@b14-epj-09-4597]   Iran          IBS and functional symptoms                                                                            63.6% of IBS subjects and 34.7% of non-IBS patients suffered from GERD (p\<0.05). 33.9% of GERD patients compared to 13.5% of non-GERD patients had Rome criteria.
  [@b13-epj-09-4597]   Singapore     Dyspepsia and IBS                                                                                      Dyspepsia and irritable bowel syndrome are co-existing disorders with GERD.
  [@b8-epj-09-4597]    China         Chronic abdominal pain/bloating, chronic diarrhea/constipation, FBD, IBS and functional constipation   25.2%, 14%, 10.3%, and 7.5% of GERD patients had chronic bloating, chronic constipation, IBS and FC and the rate of these symptoms was higher in GERD patients than non-GERD patients. In total, the rate of GERD combined with chronic bloating and constipation had overlaps with IBS and FC.

###### 

The rate of GERD symptom relapse after PPI or H2 blocker therapy

  Ref. no.             Country   Number/Dosage                                                                                                Rate symptom relapse
  -------------------- --------- ------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  [@b43-epj-09-4597]   USA       117 subjects were treated with step-down to single-dose PPI                                                  79.5% of the patients did not report recurrent symptoms of reflux during the 6 months
  [@b5-epj-09-4597]    Japan     41 patients treated by15 mg/d of lansoprazole or 15 mg of lansoprazole and 300 mg/d rebamipide for 8 weeks   After 12 months, 52.4% and 20% of the patients were treated by lansoprazole and lansoprazole plus rebamipide experienced recurrence of symptoms (p\<0.05)
  [@b44-epj-09-4597]   Japan     99 patients treated by rabeprazole (10mg/day), omeprazole (20mg/day) or lansoprazole (15mg/day).             After 6 months, the recurrence rate was 25%, 30.8%, and 4.4% in patients who were treated by omeprazole, lansoprazole, and rabeprazole, respectively.
  [@b46-epj-09-4597]   Italy     105 patients treated by proton-pump inhibitor (PPI) for 8 weeks                                              Recurrence of GERD-rs was observed in about 20% of patients. This was found out after 12, 18, and 24 months
  [@b47-epj-09-4597]   Japan     17 handicapped children; Famotidine 1 to 2 mg/kg, twice a day\>10kg three times a day\<10 kg.                Reduction of vomiting or hematemesis (or both) within two weeks in 70% of cases and within three weeks in 94%. Famotidine was effective in 29% and moderately effective in 41%; no side effects were observed
  [@b45-epj-09-4597]   UK        156 patients; Omeprazole (20mg/d) and cimetidine (400mg qds) prescribed for 4 weeks                          The median time to symptomatic relapse was longer in patients receiving omeprazole (169 vs. 15 days) (p=0.0001)
